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Abstract 



The quasielastic charged-current (CC) tau neutrino (antineutrino)- 
nucleus scattering is considered. The dependence of tau polarization 
OhI on nuclear-structure effects is discussed in detail. The description of 

^ ' the nucleus is based on the Mean-Field Theory (MFT). The ground 

state of nucleus is described using the Relativistic Fermi Gas model 
(FG). The effective mass is introduced as well as the ring Random 
^ ' Phase Approximation (RPA) effects are taken into account in the 

■ framework of relativistic meson-nucleon model. The Local Density 

Approximation (LDA) is used for the argon nucleus, having in mind 
possible application to the ICARUS experiment. The discussion con- 
centrates on the threshold region where the t~ can be unpolarized 
and the nuclear effects play an important role. 



1 Introduction 

The oscillation of into Ur is a possible explanation of the deficit 
of the atmospheric muon neutrinos which has been measured in Su- 
perKAMIOKANDE. New projects such as ICARUS and OPERA wih 
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enable a more precise study of the v^- oscillations phenomena 

by the detection of tau neutrinos. In the case of the CNGS beam 
and the ICARUS detector with five T600 modules about 12 events 
of Vr are expected (after kinematical selection procedure) during five 
years of data taking (assuming 5m?' = 2.5 x lO^^eV^ ) In the case 
of the OPERA 1.8kT detector about 11 events are expected. This 
small statistic requires detailed analysis which should be done based 
on precise theoretical predictions for the considered process. In the 
case of tau neutrino-matter interaction the produced lepton has short 
lifetime, so only its decay products can be observed. The large mass 
of the tau in contrast to electron and muon implies that it can be 
partially polarized [2| Ej . The degree of polarization of tau is one of 
the parameters which describe its decay products distributions 
Therefore, the discussion the tau polarization in the neutrino-matter 
scattering can play an important role in the analysis of the experi- 
mental data and is also of theoretical interest. 

Polarization properties of taus produced in charged-current neutrino- 
matter interactions have been considered by several groups [HI 13 El- In 
papers the polarization vector of the tau was calculated by using 
the spin density matrix |H1 |S] . Authors discuss neutrino- matter inter- 
action in the three regions namely quasielastic neutrino-nucleon scat- 
tering, neutrino-nucleon scattering with single pion production and 
deep inelastic scattering. As was shown by K. Hagiwara et al. j2j the 
produced leptons are characterized by high polarization degree. In 
the laboratory frame (LAB) the low energy t~s can be right-handed 
(positive sign of the longitudinal polarization) and the high energy t~s 
are always left-handed (have negative helicity). For there exists a 
similar effect. This effect can be explained by considering the v — n 
scattering in the center of mass frame (CM) where the produced rs 
can be scattered in both forward and backward directions. In the CM 
frame the produced t~ is always left-handed (helicity has negative 
sign). However, the left-handed taus which are scattered in backward 
directions in the CM frame usually become right-handed and are scat- 
tered in the forward directions after performing the boost to the LAB 
frame. 

A covariant way of calculation of the spin density matrix was pre- 
sented by K.S. Kuzmin et al. in [7j. In the description of the single 
pion production they used the Rein-Sehgal model. They also consid- 
ered quasielastic neutrino-nucleon scattering using nonstandard vector 
and axial currents. 
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The aim of this paper is the investigation of how the nuclear matter 
affects the tau polarization. 

The relativistic mean-field theory formalism is used to describe a 
nucleus ^Uj. This description is based on relativistic Fermi gas (FG) 
model TTl. The nucleons inside the nucleus do not interact with each 
other. Their momenta are uniformly distributed in the Fermi sphere 
which of the radius given by the Fermi momentum kp. There is a 
direct relation between the kp and the nuclear matter density. 

To make the description of the nucleus more realistic the effective 
mass of nucleons is considered and the ring random phase approxima- 
tion (RPA) is done based on the residual interaction n+p+g' The 
RPA corrections are calculated by taking into account the infinite sum 
of one particle - one hole diagrams (p-h). The effective mass is intro- 
duced following Walecka {a-uj model) JOl- In the simplest version of 
the model the mean-field approximation leads to the modifications of 
the nucleon four- momentum and its mass (in the fermion propagator) . 
One of the main results of the mean-field approximation of the a — to 
model is a self-consistency equation relating the effective mass with the 
Fermi momentum. Solving this equation for kp =225 MeV yields the 
effective mass equal to 638 MeV. The effective mass is then introduced 
into the fermion propagator instead of the free mass {M M*). 

Having in mind application of calculations to the ICARUS exper- 
iment we discuss also neutrino-argon scattering. The argon nucleus is 
described in the local density approximation (LDA) The Fermi 
momenta of nucleons are local and given by the experimental charge 
density distributions P^ . 

The paper is organized as follows. In the first part the degree of 
polarization and the technical details of the description of the nucleus 
model are given. The calculation of the polarization vector is based on 
the algebraic decomposition of the nuclear polarization tensor J3]- In 
the second part of the article the numerical results are presented and 
discussed. In general we get results similar to those of K. Hagiwara et 
al. |S] . The tau leptons are characterized by high degree of polarization 
for almost all energies and scattering angles with the exception for the 
zero scattering angle where the t~ can be partially polarized. 

In the discussion of the nuclear-structure effects we focus on how 
the polarization of the tau is affected by introducing to the Fermi gas 
model the effective mass of the nucleon and the RPA corrections. We 
show that in the case of forward scattering (zero scattering angle) the 
mean value of degree of polarization of r~ has a minimum around 
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the neutrino energy of 4.5 GeV. The minimal value of {Ve=o^E) for 
the basic FG model is 0.2 so the tau is almost unpolarized. The 
introduction of the effective mass and the RPA corrections increases 
this minimum to about 0.4. 

2 Theoretical description 
2 . 1 Polarization 

We focus on the following quasielastic processes: 

Vr{k)+n{p) T~{k',sf') +p{p'), 

Vr{k)+p{p) T^{k',s^) + n{p'). 

The produced r~ and r"*" are polarized, its spin vector satisfies (in 
any frame) the relations: 

The differential cross section is expressed by the following sum of two 
contributions: 

daik,q,s) ~ (5]^L^,(A,s)+^V(A,s) J 
\ A s A / 

The hadron tensor is defined as: 

/ 

where - electroweak current, |/) - initial and final hadronic 
states. The L^^{\^ s) denotes the Icpton tensor, A - neutrino helicity. 
Summing over helicities leads to the expressions: 

^ ^ ^ ] Lihi,(^X, s) = 8 {^fxk 1/ + ki/k n Qjxvk ak ^ ^^ni/a/sk k ^ = L^^j, 

X s 

X] ^l^i^i^^ ^) = (k^gan + kfj,gva - 9nuka T iWa^^) = -^^1/5 

A 

where sign ^ corresponds to scattering of neutrino/antineuytrino. The 
second expression is linear in the lepton mass m and the spin four- 
vector Sf^. That is why in the case of electron and muon the contribu- 
tion to the cross section due to polarization is most often neglected. 
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The polarization of the tau lepton measured in the direction of the 
four- vector is given by the formula |16j : 

P ^ dcr{k,q,s) - da{k,q,-s) ^ L'^uW^" ^ p f, , . 

da{k,q,s) + da{k,q,-s) LO^W^'^' ^ ' ^' 

which defines ~ the polarization vector of the tau lepton. 
We introduce the four- vectors ef, ef, 0_ such that: 

• they are orthogonal and in the rest frame of the tau 

ei = {0,ei), et = {0,et), ep = (0,ep), |ei| = |ep| = |ej| = 1; 

• in the laboratory frame their spacelike parts satisfy: 

e/ ~ k', et ~ k X k', ep ~ e/ x ei. 

It follows that in the laboratory frame have the form: 

ef = ^(^\k'\,Er^^, er = (0,ei), e^ = (0,ep). 

The decomposition of polarization four-vector in the above basis: 

= ak'^ + ef + e^Pp + (3) 

defines its longitudinal Vi, perpendicular Vp and transverse Vt com- 
ponents. 

To define the degree of polarization it is useful to go into the rest 
frame of the tau, where the four-vector is spacelike 

Sf, = {0,s), §2 = 1. 

Thus the polarization which is measured in the direction of s is equal 
to: 

Vs = -P-s = -|P|cos(/?), 

P being the angle between P and s. 
The quantity 

V = |P| (4) 

is called the degree of polarization. 

Because s is spanned (in the rest frame of r) by ei,et,ep, hence 
the degree of polarization is given by the longitudinal, transverse and 
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perpendicular polarizations. The Lorentz boost does not change this 
properties in any frame: 

V = ^vf+v^ + Vl (5) 

Further consideration will be performed in the laboratory frame 
because the description of the nucleus (in particular distributions of 
the Fermi momenta) is established in the LAB frame. 



2.2 Model of the nucleus 

In the model of the nucleus adopted in this paper the crucial role 
is played by the polarization tensor which is directly related to 
the hadronic tensor W^^ . The inclusive cross section (normalized per 
one nucleon) for the neutrino-nucleus scattering is proportional to the 
imaginary part of the contraction of the polarization tensor with the 
lepton tensor 



dcos{e)dEr IQtt^pfE 

Here pp = kp/Sn'^ is neutron or proton density in nucleus. E is the 
neutrino(antineutrino) energy and - the scattering angle. We fix the 
Fermi momentum at 225 MeV in the presented calculations. 

In general, the polarization tensor is defined by the chronological 
product of many body currents: 

U>"'{qa) = -ij d^xe^'?'^"" (0|r(J'^(x)J"(0)) |0) . 

Usually to simplify the problem a one body current is considered in- 
stead of a many body one. In the case of the charged-current elec- 
troweak interaction the one body current is given by: 

J^'{x) =^{x)T^'^{x), 

where the form factors -Fi, F2, Ga, and Fp have well known dipole form 
and are described by the following set of parameters [13 : =1.0 GeV, 
QA = -1.26, p = 4.71, M^=0.71 GeV2. 
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The ground state of the nucleus is the relativistic Fermi gas. One 
can easily obtain the polarization tensor in this case: 

^Tree(l») = j ^^^J' ^^^P + Q)^' i<l)G{p)r'' {-q)) , (8) 

where G{p) is the nucleon propagator in the Fermi sea. 

G{p) = (P+ M) (^ ^, _ ^2 + + ^^(^'o - E,)e{kF - V)^ (9) 

As was mentioned, the mean- field approximation in the a — uj model 
leads to the modifications of nucleon four-momentum and its mass 
which become effective |18j : 

Pl = {p*o-9vy^,v): M^M\ 

where gy is the coupling constant for the w-nucleon interaction. The 
effective mass is given by the self-consistency equation. In the simplest 
approach the potential Vq is constant and can be eliminated by the 
change of variables in the integral which gives 11^'^. Hence only the 
effective mass appears in further calculations. 

The considered residual interaction vr+p+g' is described by the ef- 
fective lagrangian ^Uj which is given by nucleon-meson p and nucleon- 
pion interaction terms. Following H. Kim et al. TT a short-range 
correlation effect is taken into account by introducing the Landau- 
Migdal parameter {g' = 0.7) into the pion propagator. Using the 
interaction introduced above the ring random phase approximation 
is performed ^Hl- It is calculated by taking into account the infi- 
nite sum of contributions from ring diagrams (one particle - one hole 
excitations). It leads to the correction of the free polarization tensor: 

n'^^ = ^lee + An^PA- (10) 

To simplify the analysis, it is convenient to choose the coordinate sys- 
tem which in the four-momentum transfer has the form (go, <?, 0, 0). 
Then the polarization tensor as a matrix can be decomposed in four 
independent parts: 

n^'^ = e^n^ + erU^ + evA^^^ + e^H^, (11) 

where IIl,t.a,va are complex functions which are called longitudinal, 
transverse, mixed and axial. eL,T,A,VA Sire 4x4 matrices which form 
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a closed algebra ^Hl- Properties of this algebra allow us to obtain an- 
alytical solution for each component of polarization tensor separately: 

^L,T,A,VA ^L,T,A,VA + ^^L^'^AyA- 

In presented calculations only density dependent part of the polar- 
ization tensors is taken into account 12 . Contributions from the 
divergent Feynman parts are omitted. 

Decomposition of the 11^'^ leads to the following decomposition of 
the scattering amplitude: 

L^,,n^^ = LlH^ + Lrlf ± LvA^^^ + ^aH^, (12) 

where: 

= — 2 00 2"*^ 01 lOj 2 

= L^exl^ = -{L22 + L^-i), 

LvA = L^evAv = 21^23, 

La ^ VeAj^ = L/ 

are longitudinal, transverse, mixed and axial components of lepton 
tensor. 

As was shown, calculations of the degree of polarization requires 
the knowledge of the longitudinal, transverse and perpendicular com- 
ponents of polarization: 



da{Er,0,i^) + da{Er,0,-i^) im f LO n^''^^ 



(14) 



Im {^LIU^ + L\lf ± L'y^U^^ + L\U^ 

im (lo + lo ± L^vA^^^ + ^^n^) ' 



where ^ = eJ„e^,eP. 

Performing the corresponding decomposition of the lepton tensor 
we obtain: 

• longitudinal: 

L[ = ^(q\qoe{^-qe{-2Ee^o) + '^QoQiEe[+kie^o', 



■\- Uoeo - qA + 2/ciel 



L?r = -16m (^e[) - kie[ 
L\ = -16m(goeo -ge'i), 
L^yA = 16m (Ee{ - h e{^) ; 



• perpendicular: 

Ll = (2Eqoq - + q^q - 2qlki) , 

Lj, = 16mej'A;i, 
= IGmqCi, 
Ly^ = lQmEe\. 

The contribution from the transverse polarization vanishes which means 
that the polarization vector hes in the scattering plane. One can notice 
that Vp vanishes for zero scattering angle because it is proportional 
to sin(0). In the zero lepton mass limit we get: 

{'Pi,Vt,Vp) ^ (Tl,0,0), 

where sign + (— ) corresponds to right-handed, and left-handed lepton 
helicity respectively. 

It can be shown that the components of lepton tensor satisfy the 
following " triangle relations" : 

iAf + {Llf = {Llf, (15) 
(L^Af + iLlf = {L\f, (16) 

{L%? - {L^T? - {L't? = {L^VA? + {L%f-{L%)\ 
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(AqlE^E + A{Eqo - qf.W + (m^ + qI?) , (17) 



which make numerical calculations easier. 



3 Numerical results and discussion 

We begin the discussion of the numerical results with the presenta- 
tion of the total cross sections. In the Fig. ^ the cross sections for 
quasielastic scattering on nucleus for both neutrino and antineutrino 
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are compared to the scattering on a free nucleon. The scattering on 
the nucleus is described by the Fermi gas model. The Pauli blocking 
reduces the total cross section by about 8% compared to the free nu- 
cleon case while the Fermi motion shifts the cutoff energy from ~ 3.4 
to ~3 GeV. The cutoff energy for tau production is equal to 

m(m + 2M) 
2{EF + kF) ■ 

Then we enrich the model by using the effective mass. As a result the 
cutoff energy is shifted to ~3.2 GeV and the total cross section further 
reduced by about 7%. The we take into account the RPA corrections 
which results in a slight reduction of the total cross section noticeable 
mainly for higher energies. 

Fig. [^illustrates how the introduction of the RPA corrections influ- 
ences the differential cross section obtained within the Fermi gas model 
with the effective mass for neutrino (antineutrino) energy of 7 GeV. 
The main contribution is located in the region of small scattering an- 
gles where the RPA corrections reduce the peak of the differential 
cross section by several percent. 

The mean value of the degree of polarization of tau is defined as 

{V) = —3— / dErdeda{Er, 9, E)V{Er, 9, E). (18) 
cr(i/) J 

Its dependence on the neutrino (antineutrino) energy is shown in Figs. 
Ofa) andEl^b) for three cases: the Fermi gas, the Fermi gas with the 
effective mass, and the Fermi gas with the effective mass and the RPA 
corrections. 

In the case of t~ the mean value of degree of polarization is almost 
constant {{V) ~ 0.85 without and about 0.82 with the effective mass) 
up to 4 GeV then it gradually rises to saturate at about 9 GeV. In the 
case of the mean value of degree of polarization raises more rapidly 
saturating already at about 6 GeV. In both cases the application of 
the effective mass to the free FG model decreases (7-*) by a few percent 
and shifts the plots to the right. It is interesting that the result of 
introducing the RPA corrections into the Fermi gas with effective mass 
is opposite in the case of r"*" where it lowers the {V) than in the case 
of T~ where we observe a slight enhancement. 

The effects of the introduction of the effective mass and then the 
RPA corrections are most visible in the Figs.Ol^c) andOfd) where the 
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mean value of the degree of polarization of r at zero scattering angle 
is plotted. 



{Ve,E) 



1 



/ 



dErda{Er,e, E)V{Er,e, E). 



(19) 



dcj{E,9) 



The minimal value of the degree of polarization is obtained for neu- 
trino energy of about 4.5 GeV. It is equal to 0.2 for the Fermi gas 
model, to 0.3 after the effective mass is used, and to 0.4 when the 
RPA corrections are also included. 

In Figs. 13 lEl Elthe dependence of the degree of polarization on 
the tau energy is presented. Calculations are done for three scattering 
angles (0°, 3°, 6°). We compare the plots of polarization with the 
appropriate differential cross sections given by equation ©. 

In general, for a given scattering angle, there exist two kinemat- 
ically allowed regions for tau energy. One is placed close to the tau 
mass, and the other is placed near the neutrino(antineutrino) energy. 
The Fermi motion widens these regions and for the beam energy of 
4 GeV they join each other. For higher neutrino (antineutrino) ener- 
gies, these two regions are separated by a large forbidden area. The 
plots of V and a / d cos{e)dEr for E= 7 GeV presented in Figs. El [71 
are confined to the area of energy close to the neutrino (antineutrino) 
energy because in the other area the cross section is negligible. 

One can notice that the degree of polarization strongly depends 
on the scattering angles and the produced leptons have high degree 
of polarization for almost all angles, apart from ^ = 0, where the tau 
degree of polarization can be small. 

Figs.0]and|nishow the results for scattering of 4 GeV neutrinos and 
antineutrinos. It can be seen that the polarization plots for = 0° have 
sharp minimum where V reaches zero. In this point the longitudinal 
polarization changes its sign from positive to negative. This effect is 
clearly explained in The helicity of r~ in the LAB frame changes 
from right-handed to left-handed (for r"*" there is an analogical effect). 
For higher angles we can still see a local minimum in this point but 
it is much higher and is smooth because of the non zero contribution 
from the perpendicular polarization. It is interesting that this point is 
shifted after the introduction of the effective mass and also after the 
inclusion of the RPA corrections (it can be clearly seen in Figs. Eland 



For the neutrino(antineutrino) energy of 7 GeV the two kinemati- 
cally allowed regions correspond to opposite signs of the longitudinal 



El) 
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polarization of the tau (the minimum region is kinematicahy forbid- 
den) when M* = M. However, when M* = 638 MeV, it is possible 
that both signs of Vi may be present in the same kinematical region 
which makes the minimal value of P = available for zero scattering 
angle. Lowering of the effective mass stretches the allowed kinematical 
regions reducing the gap between them. 

Finally, we apply the Fermi gas model with the RPA corrections 
and the LDA to the case of the ICARUS detector and the CNGS beam. 
We fix the tau neutrinos energy at 7 GeV - the most probable energy 
of the tau neutrinos resulting from the oscillations of the CNGS beam 
muon neutrinos. 

In the description of the argon nucleus (the target in the ICARUS 
detector) we use the LDA approach. We apply the charge density 
profile from atomic data tables to describe nucleon density p{r) in 
nucleus (see appendix). The Fermi momenta for protons and neutrons 
are the following: 

kppir) = ^37rVp(r), pp(r) = |p(r), (20) 

kFn{r) = ^37rVn(r), p„(r) = ^p(r). (21) 

where the atomic number A = j d?rp{r) = 40, and Z = 18. The cross 
section is given by the integral: 

da{Er, 0) = \j d\pn,p{r)da{kFn,p{r),Er, e). (22) 

The results are shown in Fig.Elwhere we compare the degree of polar- 
ization of tau and the appropriate differential cross section obtained 
with and without the RPA corrections. As in the case of the global 
Fermi momentum (see Fig. ISJ the introduction of the RPA is the most 
visible for the zero scattering angle. The plot of the degree polariza- 
tion (in the case of the FG) is a straight line rising from 0.4 to 0.8. 
The application the RPA corrections yields much deeper minimum 
(less than 0.1) and a maximum reaching 0.9. 

Summary 

The tau leptons produced in neutrino, antineutrino-nucleus scat- 
tering are characterized by high degree of polarization. Nevertheless, 
the T~ can be almost unpolarized at zero scattering angle for small 
neutrino energies. In particular, for the neutrino energy of 4.5 GeV, 
the mean degree of polarization reaches its minimum. The minimal 
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value of {Pq^e) is very sensitive to the details of the model such as 
the effective mass and the RPA corrections. Introducing the effective 
mass increases it by about 50% (from about 0.2 to 0.3) and including 
the RPA corrections causes and additional 33% rise (from 0.3 to 0.4). 

It should be also mentioned that the RPA corrections influence 
the energy for which the tau's helicity changes the sign, whereas the 
introduction of the effective mass strongly affects the kinematics by 
broadening the kinematically allowed regions and causing the gap be- 
tween them to disappear for some neutrino energy values. 

The results of this paper are quite similar to those obtained for the 
neutrino- nucleon deep inelastic scattering in [HJ 120] . It suggests that 
it is the kinematics that plays the main role in the calculations of the 
polarizations. 
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A Basis Vectors 

The four-momenta of the neutrino and the tau have the form: 



= {E,ki,k2,ks 



and 



k'^ = {E - qo, ki - q, k2, ks). 
Appropriate calculations lead to the expressions for basis vectors: 
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< = , (0, fei + kl {ki - q)k2, (fci - q)k3), 



where x = describes helicity of r^. 

B Density profile of Argon 

Charge density profile of is Ar'^^ is the following j21j : 

/)(0) = 0.176 fm-3, C = 3.530 fm, Ci = 0.542 fm. 
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Figure 1: Comparison of the total cross sections (per one nucleon) for 
charged- current quasielastic neutrino and antineutrino-nucleus scattering. 
The model of nucleus is the Fermi gas (dashed hne - FG), the Fermi gas 
with the effective mass M*=638 MeV (short dashed hne - FG+M*) and the 
Fermi gas with the effective mass M*=638 MeV and the RPA corrections 
(dotted line - RPA+M*). The total cross sections calculated for neutrino 
and antineutrino-free nucleon scattering are shown (solid line - QE). 
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Neutrino: FG+M^ 
RPA+M. 
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Figure 2: Comparison of the differential cross sections for charged-current 
quasielastic neutrino(antineutrino)-nucleus scattering. The nucleus is de- 
scribed by the Fermi gas with the effective mass - FG+M* (neutrino-nucleus 
scattering - solid line and antineutrino-nucleus - short dashed line), and by 
the Fermi gas with the effective mass and the RPA corrections - RPA+M* 
(neutrino-nucleus scattering - dashed line, antineutrino-nucleus scattering 
- dotted line). Calculations are done for neutrino (antineutrino) energy of 
7 GeV. 
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The mean value of the degree of polarization of x' 



The mean value of the degree of polarization of t"^ 




Figure 3: In the first row (Figs. a,b) the mean values (given by equation 
(fT^ ) of the degree of polarization of leptons are presented. The charts 
in the second row (Figs, c, d) present the mean values (given by equa- 
tion (Uni)) of the degree of polarization of leptons calculated for zero 
scattering angle. The tau leptons are produced in charged- current quasielas- 
tic neutrino(antineutrino)-nucleus scattering. The nucleus is described by 
the Fermi gas (solid line - FG), the Fermi gas with the effective mass 
M* =638 MeV (dashed line - FG+M*) and the Fermi gas with the effective 
mass M* =638 MeV and the RPA corrections (dotted hue - RPA+M*). 
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Figure 4: The charts in the first row present the differential cross sections 
calculated for three scattering angles: 6 = 0", 3", 6°. The second row shows 
dependence of the degree of polarization of the tau on its energy. The tau 
lepton is produced in chargcd-current neutrino-nucleus scattering (for neu- 
trino energy 4 GeV). The nucleus is described by the Fermi gas (solid line 
- FG), the Fermi gas with the effective mass M* = 638 MeV (dashed line - 
FG+M*) and the Fermi gas with the effective mass M* = 638 MeV and the 
RPA corrections (dotted fine - RPA+M*). 
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Figure 5: The same as Fig. 0] but neutrino energy is 7 GeV. 
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Figure 7: The same as Fig. El but for antineutrino. 
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Figure 8: The charts in the first row present the differential cross sections 
calculated for three scattering angles: 6 = 0°, 3", 6". The second row shows 
dependence of the degree of polarization of the tau on its energy. The tau 
lepton is produced in charged-current neutrino-nucleus scattering (for neu- 
trino energy 7 GeV). The nucleus is described using the LDA approach for 
argon and by the Fermi gas (solid line - FG) and the Fermi gas with the 
RPA corrections (dotted hne - FG-^RPA). 
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